Introduction
In turbulent flows, the mean flow performs deformation work which tanders energy from the mean flow to the largescale turbulent eddies. The turbulent kinetic energy contained within these large eddies is passed to the smaller eddies by vortex stretching.
Once the energy has been passed into eddies near the Kolmogorov scale, it is then dissipated by the molecular viscosity. This process can be thought of as a turbulent kinetic energy cascade [1] . In other words, the turbulent kinetic energy is passed through the wave number spectrum as it cascades from large to small eddies. 
where -_-'_" is the turbulent Reynolds strees tensor. Using the eddy viscosity concept, the Reynolds stress can be related to the mean strain rate and a turbulent eddy viscosity, and the rates of energy transfer are determined by modeled transport equations similar to the "standard" _ equations.
These transport equations are described in the following section.
Turbulence Equations
In this multiple-_ale turbulence model, the energy spectrum has been split into a region where the turbulent kinetic The other coefRcients in equations (7) through (10), namely _1, _2, ctl and ct2, are the modeling coefficients discussed in the following section.
3
Model Coefficients
The coefficients for thisincompressiblemodel have been determined from analyses of homogeneous and decaying turbulence.
Grid Turbulence
In homogeneous decaying grid turbulence, the turbulent quantities are functions of time only and equations (7) through (10) can be simplified to dr,
Most of the experimental evidence suggests that the turbulent kinetic energy decays in time and can be represented by _p and i,)
where n is the decay rate and is typically of the order 1.2.
From the above kinetic energy equations, (14) and (16), the energy transfer rates must decay as
and
Therefore, the ep3 coefficient f_m equation (15) can be related to the decay rate, 
Ifwe define and A,, 
Assuming that _ and the percentages of the kinetic energy contained in k v and kt remain nearly constant, then
From the experiment of [5], the ratio _ _G, has been deduced to be 1.065. In a similar experiment, Tsvdularis and Corrisin
[6] found this ratio to be between 0 82 and 0.94. Clearly, this ratio is on the order of one. For simplicity, this term, _ , has been assumed to be unity. Therefore, the following expressions for c_1 and c_1 can be found from equations (32)
+7"
and, c_2 is defined in equation (22). The coefficients, c_x, ¢_x and ct= are functions of _¢'_,, _, sad _-_. In the present model, the ratios described in equations (28) and (29) are _ssumed to be the following constants, Pk, 
= --= 1.05. _t These constants have been calibrated considering that experimental measurments of homogeneous shear flow suggest that the ratio _ should be near two. These coefficients are summarized in Table I .
Notice that the value of _, is allowed to vary as the ratio of the turbulent kinetic energy in the small scales to the energy contained in the large scales changes. Since most of the energy is contained in the large scales, this ratio should remain less than one [1]. This coefficient adaptability allows the model to adjust to different flow situations and is a unique characteristic of multiple-scale eddy viscosity models.
4
Results and Discussions
The present multiple-scale model h_s been tested for two planar mixing layers and two jet flows. As part of these tests, the model has been compared to experimental data and to the multiple-sc_e models of Hsnjalic, Launder and Schiestel [2] (KL/_) and Kim and (hen [4] (K_C) and to the "standard" _ model. In all cases, the parabolic solution technique is started with an initial plane sad the flow field evolves as the computations march in the axial direction. The solutions are checked to insure that they maintain a self-perservin$ profile. The results of these calculations are presented in Figm_ 2 though 18 and in T_ble 2.
Planar Mixing Layers
For the pbmar mixing layem, the flow is smumed to have a thin shear layer profile at the interface between the still air and the jet. Zero grad/ent boundary conditions for the turbulence quantities are applied at the edges of the flow field and an equally spaced grid is used.
Speed ratio = 0.0
In Figure 2 , the three multiple-scale models and the "stan- The tendency of K_C's model to under-predict the growth of the turbulent mixing region is further seen in Figures 3  and 4 . The shapes of the kinetic energy curves and the shear stress distributions are correct, but the peak levels are well below the dat_ The =standard" k-_ model, HL_S's model and the present model predict turbulent kinetic energy levels slightly below the data but theycorrectly predict thepeak levels forshearstress. Apparently, thecomputational shear layers tendto shift further towardsthelowspeedsideofthe flow than theexperimentallY measured shear layers.
In Figure 5 , the ratios of the partitioned kinetic energies and the energy transfer rates are shown. Notice that the ratio, is one through the mixing layer where the turbulence zp ) kp spectrum is in equilibrium.
The fact that _-_ remains much less than one indicates that most of the energy is contained Again, the other two models are quite low in their predictions of the peak turbulent shear stress.
Grid Resolution Analysis
Since the mixing layer with a speed ratio of 0 Both multiple-scale models and the "standard" k-_ model correctly predict the peak shear stress shown in Figure 13 although they tend to exaggerate the width of the jet. The model by HL_S under-predicts the peak shear stress, again due to the under-prediction of the growth rate for the jet. Looking st the rstios of _ and _,,, shown in Figure 9 , the flow field is not in equitibrium and the energy transfer to the dissipstive scales increases near the centerline of the jet. The "standard" k--e model has no means to account for the increase in energy transfer rate near the centerline of the jet and consequently over-predicts the turbulent kinetic energy and the spresdi_ rste.
Conclusions
A multiple-scale eddy visco6ityturbulencemodel with solu- 
